1.
In recent years, much attention has been attracted to the direct photon production in AA collisions at RHIC and LHC energies (see, for example, [1] [2] [3] and references therein). It is expected that, for sufficiently small transverse momenta ( p T Շ 3-4 GeV), the dominating source of direct photons at RHIC and LHC is radiation from quark-gluon plasma (QGP), and at higher p T , it is hard partonic mechanisms (Compton process, quark-antiquark annihilation, and bremsstrahlung from fast quarks (antiquarks) produced in hard reactions) [1, 2] . Nuclear effects should modify the pQCD partonic contribution to the direct photons in AA collisions as compared to that in pp interaction. For the Compton and annihilation processes, which occur at small distances, this modification, related to the initial-state interaction (ISI) effects (nuclear shadowing and Cronin effect), is relatively small. However, one can expect strong final-state interaction (FSI) effects in the QGP for the bremsstrahlung, which occurs at large distances. Investigation of the influence of the FSI on photon bremsstrahlung is of great interest from the point of view using the direct photons as a probe for the QGP at RHIC and LHC. It is especially important for LHC energies at which the bremsstrahlung component is the dominating partonic mechanism [1, 4, 5] .
It was suggested [4] [5] [6] [7] that, during RHIC and LHC, the quark energy loss in the QGP phase due to the induced gluon radiation related to the multiple scattering should strongly suppress the bremsstrahlung contribution. At LHC energies, it is equivalent to strong suppression of the total contribution of the pQCD mechanisms. In [4] [5] [6] [7] , it was assumed that the only effect of QGP on photon bremsstrahlung comes from the shift of the quark energy to a smaller value due to gluon emis- ¶ This article was submitted by the author in English. sion before photon radiation. However, the analyses [4] [5] [6] [7] missed two essential points. First of all, multiple scattering, which fast quarks undergo in the QGP, must enhance photon radiation due to the induced photon emission. Also, the assumption that all gluons are radiated before photon emission is not justified, since the formation lengths for gluon and photon radiation are of the same order. In this case, the gluons radiated after the photon do not suppress photon emission. For this reason, one can expect that analyses [4] [5] [6] [7] overestimate suppression of photon bremsstrahlung. In the present paper, we address the photon bremsstrahlung at RHIC and LHC energies, accounting for the induced photon radiation and the effect of finite gluon formation length.
2. The contribution of the bremsstrahlung mechanism to the cross section of photon production can be written as [8, 9] ( 1) where
is the cross section of the processes A + A q + X (hereafter, we suppress the argument y and mean the central rapidity region y ≈ 0), D q → γ ( x , E ) is the fragmentation function for the q γ q transition which accounts for all the FSI effects ( x = E γ / E , E γ and E is the photon and initial quark energies, respectively). Summation over quark (antiquark) states is implicit on the right-hand side of (1). We write
The first term on the right-hand side of (2) is the probability distribution of the ordinary vacuum q γ q We study the induced photon bremsstrahlung from a fast quark produced in AA collisions due to multiple scattering in quark-gluon plasma. For RHIC and LHC conditions, the induced photon spectrum is sharply peaked at a photon energy close to the initial quark energy. In this region, the contribution of the induced radiation to the photon fragmentation function exceeds the ordinary vacuum radiation. Contrary to previous analyses [4] [5] [6] [7] , our results show that, at RHIC and LHC energies, the final-state interaction effects in quark-gluon plasma do not suppress the direct photon production and may even enhance it at p T ~ 5- splitting, and the second one corresponds to the induced transition due to quark multiple scattering. An accurate evaluation of the induced photon emission from a fast quark requires treatment of photon and multiple gluon radiation on an even footing. We begin with discussion of the induced q γ q transition, ignoring gluon radiation. A qualitative method for accounting for the gluon effects will be discussed later. To evaluate the induced spectrum, we use the light-cone path integral approach [10] (see also [11] [12] [13] [14] ), which allows one to account for the Landau-PomeranchukMigdal (LPM) effect [15, 16] and finite-size effects, which play an important role in the problem of interest. The induced photon spectrum for a fast quark produced at z = 0 can be written in a form similar to that for gluon emission given in [17] (we take the z axis along the quark momentum):
where n ( z ) is the number density of the medium and (4) is the in-medium ( z -dependent) Bethe-Heitler cross section. Here, σ ( ρ ) is the dipole cross section of a quark-antiquark pair of size ρ with a particle in the medium, Ψ ( r , x ) is the light-cone wave function for the q γ q transition in vacuum, and Ψ m ( r , x , z ) is the inmedium light-cone wave function at the longitudinal coordinate z (we omit spin indices). The no-spin flip wave functions, dominating the spectrum, read (5) (6) where
denote quark and photon helicities); = 2E(1 -x)/ x is the photon formation length; is the Green's function for the two-dimensional Hamiltonian Ex(1 -x) ; and (8) is the Green's function for Hamiltonian (7) with n(z) = 0.
The dipole cross section reads (9) where (10) Here, C T, F is the color Casimir for the medium constituents (quarks and gluons) and quark and µ D is the Debye screening mass. Effective Bethe-Heitler cross section (4) differs from that for a quark incident from infinity on an isolated scattering center due to the LPM effect and finitesize effects originating from the in-medium light-cone wave function entering (4). In the high-energy limit, when L Ӷ , where L is the thickness of the medium, the typical values of ρ become small (~) and the LPM effect can be neglected. In this case, the spectrum is dominated by the N = 1 scattering. In this regime, the most important effect is modification of the in-medium light-cone wave function due to the finite-size effects. Let us first discuss the N = 1 term to illustrate qualitatively the role of the finite-size effects. Neglecting the Q 2 dependence of α s from (4)-(10), one can obtain (11) (hereafter, for simplicity, it is implied that e q = 1). The derivation of (11) is similar to that for gluon emission given in [18] . After substitution of (11) into (3), one obtains (for n(z) = const) the spectrum ∝L 2 :
One sees from (12) that, in the high-energy limit, contrary to the ordinary Bethe-Heitler spectrum ∝1/x, the bremsstrahlung is ∝1/(1 -x). Of course, formulas (11) and (12) become invalid at (1 -x) Ӷ L /E when Ӷ L and the spectrum reduces to the ordinary Bethe-Heitler one. It is worth noting that, in the diagrammatic language, the above formula for N = 1 term corresponds to the set of diagrams shown in Fig. 1 . We would like to emphasize that spectrum (12), similarly to the gluon spectrum of [18] , cannot be obtained if one ignores the logarithmic ρ dependence of the function 0 r 2 z 2 r 1 z 1 , , ( )
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